The objective of this study was to evaluate the efficacy of a self-regulation (SR) weight reduction intervention on weight, body mass index (BMI), glycosylated hemoglobin (HbA1c) (primary outcomes), exercise, nutrition and quality of life (secondary outcomes).
Introduction
Overweight and obesity increase the chances of diabetes complications, especially if body fat is found in the abdominal region [1] [2] . Weight reduction can decrease HbA1c-levels of patients with type 2 diabetes and therefore prevent serious complications [3] [4] . In the past decade a number of reviews and meta-analyses have shown that weight reduction programs for patients with type 2 diabetes have only small, temporary effects on HbA1c and weight [5] [6] [7] [8] . In a review on selfregulation and physical health and illness 9 , however, Maes and Karoly state that the efficacy of health interventions increases if interventions make use of self-regulation principles.
Self-regulation can be defined as 'a sequence of actions and/or steering processes intended to attain a personal goal'. Three phases can be distinguished in this process: a phase of 1) goal selection, 2) active goal pursuit, and 3) goal attainment, maintenance or disengagement 9 .
During goal selection, goal ownership plays a key role. Persons who strive for goals which are personally relevant and important are more likely to attain those goals [10] [11] [12] . In active goal pursuit, both affective and cognitive processes are involved 9 , including feedback mechanisms, feedforward mechanisms and activation of control processes. Feedback mechanisms, such as the self-monitoring of behavior and goal progress have proven to be effective intervention components of self-management programs for chronic patients [13] [14] . Feedforward mechanisms, such as self-efficacy have also been frequently shown to relate to behavior change and disease management in various chronic conditions [15] [16] [17] , including diabetes 18 . Less research has been conducted on the importance of emotion and attention control during goal pursuit.
The importance of facilitating maintenance of change has been frequently demonstrated.
Relapse prevention techniques proved e.g. to be effective for the maintenance of health behavior change regarding exercise 19 and diet 20 .
In summary, self-regulation mechanisms are thought to play a key role in the attainment and maintenance of health goals. For the purpose of interventions, Maes and Karoly 9 formulated a set of guiding self-regulation principles. The present article concerns the evaluation of a pilot weight reduction intervention for patients with type 2 diabetes based on these self-regulation principles. This self-regulation intervention was evaluated at 3 months (T2) and 6 months (T3) 
Methods

Study Sample and Randomization Procedure
The study sample consisted of 96 overweight patients with type 2 diabetes from a Dutch general hospital (2 locations: H1 and H2). Randomization occurred throughout the process of patient inclusion. Figure 1 represents a flow chart of the inclusion and allocation of patients to the three treatment groups. Figure 1 also shows the attrition rates in all treatment groups over time.
Unfortunately, not all patients provided complete data at all measurement points. Since measurement of HbA1c, weight and height involved extra hospital visits for patients, most missing data concerned these primary outcomes. Prior to data analyses all data were checked for quality and completeness. Missing values were excluded from all analyses.
Patients were included in the study based on the following criteria: type 2 diabetes according to the WHO classification [21] , BMI between 27 and 45, age between 21 and 70, Caucasian, proficient in the Dutch language. Patients with co morbidity (except for cardiovascular diseases) or under psychological or psychiatric treatment were excluded from the study. Patients were randomly allocated to one of the three treatment conditions.
Treatment conditions: the SR-Intervention
The components of the self-regulation weight reduction intervention were derived from the selfregulation principles as described by Maes and Karoly
9
. The self-regulation intervention and its materials were developed by the department of Health Psychology of Leiden University.
Diabetes health care professionals and patients were also actively involved in the development of the intervention materials. To create weight reduction goals that were of personal importance, all patients in the intervention group were invited for an individual 1-hour motivational interview. In this interview important life and health goals were discussed and ranked in importance by the participants.
Patients were asked to formulate a realistic and achievable weight reduction goal for the upcoming year.
b) Group Meetings
Two weeks after the motivational interview all patients in the self-regulatory intervention group were invited to the first of six (+ 2 booster sessions) 2-hour group meetings. Every group meeting (10-15 patients per group) started with a thematic discussion on weight change and diabetes (e.g. nutrition, exercise, medication, stress). The sometimes abstract and complex selfregulation mechanisms and stages were translated into four concrete and practical steps: 1)
Look at your current behaviour (goal setting, self-monitoring) 2) Choose a realistic goal (goal setting) and prepare for action (anticipatory coping, planning), 3) Act towards goal achievement (feedback, self-reinforcement, attention and emotion control, facilitate social support), 4)
Evaluate results (goal progress) and (re)formulate (new) goals (goal reformulation). During the group meetings and the home work assignments, the personal weight reduction goals resulting from the motivational interview were translated into a goal scheme. This goal scheme involved the application of the four steps to each patient's personal weight reduction goal.
In one of the eight group meetings the patients' partners (or significant others) were invited. The partners were encouraged to support the patients in following the four steps, and the patients were in turn stimulated to ask for social support and to share goal progress.
c) Diabetes self-regulation workbook
A diabetes self-regulation workbook, based on the self-regulation principles formulated by Maes and Karoly 9 was given to the patients to help them to follow the programme in the absence of a group meeting. The workbook consisted of an information section, containing general diabetes and overweight-relevant information partly derived from the 'Diabetes Manual' [22] [23] , and an assignment section that contained weekly self-regulation tasks tailored to the patients' goals.
Prior to the intervention, the self-regulation workbook was pretested in four overweight patients with type 2 diabetes, leading to its present version.
d) Pedometer
All patients in the intervention group were given a pedometer to register their physical exercise (steps taken) on a daily basis. Facilitating and inhibiting factors for exercising were discussed in several group meetings. During every meeting patients were encouraged to increase their amount of physical exercise for next week(s).
The self-regulatory intervention was compared to standard care with and without a diabetes selfhelp manual. All three groups received the same standard care.
Patients in the standard care only condition received standard care for type 2 diabetes patients, consisting of regular consultations by an internist, individualized diet instructions by a dietician, individualized self-injection and blood glucose level monitoring instructions by a diabetes nurse, and advice on exercise training by internists. Internists, diabetes nurses and dieticians focused on the regulation of blood glucose levels and weight from a multidisciplinary perspective.
Patients who received standard care and the diabetes self-help manual also received a Dutch translation of the British 'Diabetes Manual' [22] [23] , a self-help book for patients with type 2 diabetes. The book contains a twelve-week programme to enhance patients' self-efficacy through provision of information and record keeping. Information is provided on exercise, healthy eating, and coping with stress. A diabetes nurse invited patients for a half-hour intake consultation in which the Diabetes Manual was provided, together with additional information about the manual and the research procedure. After this consultation, the diabetes nurse had three follow-up telephone consultations with each patient.
All three groups received the same standard care.
Primary Outcomes
The following data were collected at baseline, T2 and T3: weight (kg), height (meters) and glycosylated hemoglobin (HbA1c in %). Body mass index (BMI; kg/m 2 ) was calculated from weight and height data by dividing weight (kg) by the square of height (meters). Weight, height and HbA1c were all measured according to standardized procedures in the hospital. The weight of each patient was measured on the same calibrated scale throughout the entire study.
Patients' HbA1c-levels were measured by the hospital's laboratory.
Secondary Outcomes
Diabetes quality of life, exercise and nutrition behavior were the secondary outcomes in this study. Diabetes quality of life was only measured at baseline and at T3. items, e.g. 'I do not allow other things to distract me from this goal'), 'self-efficacy enhancement (Cronbach's Į = .71, 4 items, e.g. 'I like to learn from others, who know how to attain this goal') and finally 'emotion control' (Cronbach's Į = .85, 4 items, e.g. 'I manage to keep my emotions in control if I fail to make progress toward this goal').
A total self-regulation score was calculated by adding the scores of the various subscales of the Self-Regulation Skills Battery. Then, this total self-regulation score was dichotomized at the median to form a high and low self-regulation group. High scores indicated better self-regulation skills than low scores.
Process Evaluation
Patients' satisfaction with the self-regulation intervention was assessed by means of an anonymous evaluation form that was handed out in the last regular group meeting (see table 3 ).
Twenty-five of the thirty-four questions were answered by means of a Visual Analogue Scale (VAS).
Statistical Analyses
All statistical analyses were performed with SPSS release 13.0. Descriptive analyses (means and frequencies) were performed for age, gender, education and employment and for the process evaluation of the self-regulation intervention. Pearson correlations were calculated for all self-regulation variables. Additional ANCOVA's and Chi Squares were conducted to explore differences on these demographic variables between the study groups. Separate ANCOVA's (with baseline measures as a covariate) were performed to explore differences between the intervention and the two control groups in HbA1c and diabetes quality of life at T2 and T3.
Differences between the intervention and control groups in weight and BMI at T2 and T3 were explored with MANCOVA's (with baseline measures as a covariate). MANCOVA's (with baseline measures as a covariate) were also performed for (un)healthy eating and exercise.
Additionally, MANCOVA's (with baseline measures as a covariate) were conducted to explore differences between patients with high or low self-regulation skills in nutrition and exercise measures in the total patient sample. MANCOVA's were also performed to explore differences between patients with high or low self-regulation skills (in the total patient sample) in weight and BMI. ANCOVA's were conducted to explore differences between patients with high or low selfregulation skills (in the total patient sample) in HbA1c and diabetes quality of life. Finally, a posthoc power analysis was conducted to assess the (lack of) statistical power in relation to the small sample size.
Results Table 1 represents the results of the descriptive analyses that were conducted for age, gender, education and employment. No differences between groups were found for any of the demographic variables. Appendix 3 represents the Pearson correlations of all self-regulatory variables. w/u % 9/15 (38/62) m/f = male/female, h/l = high/low, w/u = work/unemployed, N = number of subjects in analysis, M = Mean, SD = Standard Deviation The ANCOVA's for HbA1c and diabetes quality of life at baseline revealed no differences between the SR-intervention and other treatment groups. Neither did the MANCOVA's for weight and BMI reveal any differences between these groups. The MAN(C)OVA's for (un)healthy eating and exercise, however, revealed differences in the frequency of self-reported exercise between the two control groups. At baseline, patients in the diabetes manual group were found to report to exercise more frequently than patients in standard care (see table 2). * p < .05, N = number of subjects in analysis, M = Mean, SD = Standard Deviation, BMI = Body Mass Index (kg/m²), HbA1c = glycosylated hemoglobin in %, DQOL = Diabetes Quality of Life Additional (M)ANCOVA's were conducted to explore differences between patients with high or low self-regulation skills in the total patient population. At T2, no differences between patients with many or few self-regulation skills were found for weight, BMI, 'diabetes quality of life', 'exercise', 'healthy eating' or 'unhealthy eating'. Differences were, however, found for HbA1c.
Patients with low self-regulation skills had significantly higher HbA1c levels than patients with high self-regulation skills [F(1,36)=5.38, p=.027, partial eta squared = .137].
Similar to results at T2, no differences were found between patients with high or low selfregulation skills for weight, BMI, 'diabetes quality of life', 'exercise', 'healthy eating' or 'unhealthy Eating' at T3. Differences were, however, found for HbA1c. Patients with a lower self-regulation skills score had significantly higher HbA1c levels than patients with a higher self-regulation skills score [F(1,36)=5.28, p=.028, partial eta squared = .082].
Process Evaluation
At the end of the last group meeting, patients in the intervention group filled out an anonymous evaluation form. Table 3 However, frequency of group meetings was rated as too low by more than half of the patients (54.8%). The present study examined the efficacy of a pilot self-regulation weight reduction intervention for patients with type 2 diabetes. Primary outcomes were weight, BMI and HbA1c and secondary outcomes consisted of diabetes quality of life, exercise and nutrition behavior. No differences between the intervention and the control groups were found on any of the primary or secondary outcomes. Decreases in weight and HbA1c were small, and were similar in all three groups.
These findings correspond with those of existing meta-analyses: changes in weight and HbA1c in patients with diabetes are generally small, and are difficult to maintain [5] [6] [7] . These findings, however, are in contrast to the promising findings of another self-regulation based intervention 26 for patients with type 2 diabetes that effectively decreased HbA1c-levels in both the short (6 month) and longer (18 month) term.
A total score of self-regulation skills was included as a nesting variable in (M)ANCOVA analyses to explore whether self-regulation skills could explain differences in the primary or secondary outcomes over all groups. Patients with a higher self-regulation skills score had lower HbA1c-levels at both T2 and T3 than patients with a lower self-regulation skills score. As this effect was found for the total patient group, it can thus not be related to the self-regulation intervention.
Although the study results did not show any differences in weight or HbA1c between patients in the intervention and control groups, the process evaluation indicates that patients appreciated the intervention. Patients rated the intervention as 'highly useful' and reported to have changed their exercise and nutrition pattern because of the group meetings. These self-reported changes could however not be verified by the research team. Future interventions should provide information on the reliability of self-report of behavior change as well as on intervention fidelity of the patients.
The absence of differences in study outcomes between the intervention and control groups can be attributed to various reasons.
First of all, this article only concerns short term effects. Since many studies point at the fact that self-regulation is especially effective producing sustained behavior changes, a long term follow up could show different results [27] [28] [29] .
Second, previous self-regulation intervention studies [30] [31] that effectively changed health behaviors and medical outcomes in patients with type 2 diabetes, focused specifically on patients who had been diagnosed 3 to 33 months previously. Patients with recent diagnoses are more likely to differ both from a psychological and from a medical perspective from our sample, which consisted of patients diagnosed with type 2 diabetes many years prior to this study.
Third, our self-regulation intervention apparently did not increase self-regulation skills in patients who lacked them, which points at the importance of trait aspects of self-regulation 10, [32] [33] . We speculate that an important subgroup of patients in our study is strongly externally regulated, and will not easily be transformed into autonomous regulators 34 . It is hypothesized that 'external regulators' may thus not profit from self-regulation interventions, but rather from more directive, externally regulated interventions where the patient has less input in his or her course of treatment.
The fact that half of the patients in our study wanted more group meetings, while the other half did not may further illustrate patients' differing needs and orientation. Screening patients' selfregulation skills prior to an intervention could help to match patients to suitable interventions.
Finally, the limited number of subjects in this pilot study could also have played an important role in the lack of findings between the intervention and control groups with regard to weight or HbA1c. For this pilot intervention study we included 129 patients. Due to attrition, this number dropped to 64 patients at T3 (six months). Based on the attrition rate in this study (51%), we calculated that a future randomized controlled trial would need to include a total number of 390 patients (130 per condition) to be able to predict significant differences in outcomes after 6 months. Since no specific drop-out data were collected in this study, it is not possible to pinpoint the main reasons for the high attrition rates. However, patients who actively withdrew from the study were asked to list reasons for their withdrawal. Frequently mentioned reasons for withdrawal were: work obligations, family issues and conflicting health problems.
A pilot self-regulation weight reduction intervention did not appear to reduce weight or HbA1c in overweight patients with type 2 diabetes. No differences between the self-regulation intervention and the two control groups were found on any of the primary (weight, BMI, HbA1c) or secondary (diabetes quality of life, exercise and nutrition) outcomes. The lack of differences in any of the outcomes might have been a result of our small sample size or the high attrition rates in all treatment groups.
In the total patient group, self-regulation skills were associated with significantly lower HbA1c-levels at both T2 and T3. This finding indicates that it might be important to enhance selfregulation skills in patients with low glycemic control. Whether a self-regulation intervention is able to enhance self-regulation skills in this population needs to be further examined.
Overall, the results suggest that self-regulation skills might be important determinants of glycemic control in patients with type 2 diabetes. Improving patients' self-regulation skills might therefore improve glycemic control in this patient group. However, self-regulation interventions may be more profitable for internally motivated patients than for patients who are more externally motivated. Screening patients for self-regulation skills prior to an intervention might distinguish 'self-regulators' from 'external regulators'. Self-regulation interventions can then be offered to 'self-regulators' and more directive interventions to 'external regulators' in order to increase the effect of weight loss interventions in diabetes patients. Future research should explore this and also examine the long-term effects of a self-regulation intervention including a larger patient sample.
